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2  实  验
2. 1  原料与试剂
玉米淀粉: 市售, 用前于 80 e 干燥至恒重。
MMA:分析纯,用前以 5% NaOH 溶液洗涤, 再经减压
蒸馏除阻聚剂。其余试剂均为分析纯。
2. 2  CS2MMA 接枝共聚物的制备及纯化
在装有N2 导管和恒压滴液漏斗的四颈瓶中,加入
2g干燥玉米淀粉和 70ml H 2SO4 酸化的蒸馏水,置于
80 e 的水浴中糊化 30min,冷却至反应温度,加入 10ml
一定浓度的KMnO4 溶液和 3. 5g MMA, 在 N2 保护下
反应 3h,产物用无水乙醇沉淀, 抽滤, 用蒸馏水反复洗
涤后,于 60 e 干燥至恒重, 得接枝共聚粗产品。粗产
品的纯化及接枝率的计算参考文献[ 2]。
2. 3  CS2MMA 接枝共聚物的皂化
MMA接枝在 CS 骨架上,所得的接枝共聚物支链
上带有亲油性的 ) COOCH 3。在碱性介质中水解(即
皂化)后, ) COOCH 3 转变成亲水性的 ) COONa,吸水
能力可以大大提高。准确称量 1g左右 CS2MMA 接枝
聚合物,加入 50ml一定浓度的 NaOH 溶液,在一定温
度下皂化一定时间后,冷却至室温, 用 1 B 1的盐酸调
节 pH 至 7~ 8。产物用无水乙醇沉淀,抽滤,用蒸馏水
反复洗涤后,于 60 e 干燥至恒重,得高吸水性树脂。










  其中,m1 为吸收的水分的质量( g) , m2 为树脂的
质量( g)。
3  结果与讨论
3. 1  接枝证明
将 CS及 CS2MMA 接枝共聚物分别用 KBr 压片,
测得其红外数据如表 1所示。
表 1  样品的 IR吸收数据
Table 1 IR data of CS and CS2MMA gr aft copolymer


















  由表 1 可见, CS 在 3800 ~ 3000、1650、925、
850cm- 1等附近有特征吸收峰[ 4] ;而 CS2MMA 接枝共
聚物除有上述 CS 的特征吸收峰以外,在 1730cm- 1有
明显的酯基吸收峰, 并在 1247 和 1160cm - 1有支链
PMMA 特征峰[ 5]。这表明在 2. 2 操作中 MMA 确实
接枝到了淀粉骨架上。
3. 2  皂化条件正交实验
不同的皂化条件,产品的吸水率也不同。为确定
最佳的皂化工艺条件, 本实验选取 NaOH 浓度
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(CNaOH )、皂化温度(T )和皂化时间( t)作为考察因素,
设计了如表 2所示的三因素三水平[ L9( 33 ) ]正交实
验,实验结果见表 3。以 A为优选指标, k1~ k3 表示同
一因素各水平 A的平均值。
表 2  [ L9( 3
3
) ]正交实验表
Table 2 Scheme of [L9( 3
3









1 0. 4 90 0. 5
2 0. 5 80 1
3 0. 6 70 1. 5
表 3  正交实验数据表










1 0. 4 90 0. 5 228
2 0. 4 80 1 167
3 0. 4 70 1. 5 487
4 0. 5 90 1. 5 398
5 0. 5 80 0. 5 833
6 0. 5 70 1 619
7 0. 6 90 1 184
8 0. 6 80 1. 5 342
9 0. 6 70 0. 5 719
k1 394 270 593
k2 617 447 323
k3 415 608 409
R 323 338 270
  由表 3可知, 各因素影响产物吸水倍率的次序为
皂化温度> NaOH 浓度> 皂化时间。最佳的皂化工艺
条件为 CNaOH = 0. 5mol/ L, T= 70 e , t= 0. 5h。




3. 3. 1  皂化温度的影响
固定 CNaOH= 0. 5mol/ L, t= 0. 5h, 改变皂化温度,
考察其对产品吸水率的影响, 结果如图 1所示。
图 1  皂化温度对吸水率的影响
Fig 1 Effect of saponificat ion temperature on A
  由图 1可见, T< 70 e 时,树脂吸水率随着皂化温
度的升高而增加;温度在 70 e 左右时, 吸水率达到最
大值,继续升温,吸水率反而下降。这是因为温度升高




3. 3. 2  NaOH 浓度的影响
维持 T= 70 e , t= 0. 5h不变, 考察 NaOH 浓度对
产品吸水率的影响,结果如图 2所示。
图 2  NaOH 浓度对吸水率的影响
Fig 2 Effect of concentrat ion of NaOH on A
  NaOH 浓度增加, 吸水率随之增加;当 NaOH 浓






3. 3. 3  皂化时间的影响




图 3  皂化时间对吸水率的影响
Fig 3 Effect of saponified t ime on A
  总之,单因素实验和正交实验结果完全吻合。
















图 4  接枝率对吸水率的影响
Fig 4 Effect of graft percentage on A
4  结  论
( 1)  以 KMnO4 为引发剂,用 CS 与MMA 接枝
共聚制得了呈网络结构的 CS2MMA 接枝共聚物。
( 2)  CS2MMA 接枝共聚物经皂化令其憎水基
) COOCH 3转变为亲水的 ) COONa, 可制得高吸水性
树脂。当 T = 70 e , c (NaOH ) = 0. 5mol/ L, t = 0. 5h
时,树脂吸水率最高,为 900g/ g。
( 3)  接枝率 70%的接枝共聚物皂化后吸水率最
大。
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Saponification on the water absorption of CS2MMA graft copolymer
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Abstr act: In this art icle, graft copolymer of corn starch with methyl methacr ylate was prepared by KMnO4 Initia2
t ion. T he graft copolymer was saponified to obtain the super absorbent resin. Effects of different condit ions on
the water absorbance were studied and the condit ions optimum were determined, under which the absorpt ion rate
was 900g/ g.
Key words: starch; MMA; saponify; water absor bance
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The research on degradability, mineralizat ion and mechanical proper ties of
co2substituted calcium polyphosphate as a new kind of bone repair material
WANG Qi2guang, SONG Wei, WANG Qian2bin, ZHANG Xiao2hua, YU Xi2xun, WAN Chang2xiu
(College of Polymer Science and Engineering, Sichuan University, Chengdu 610065, China)
Abstr act: In order to improve the physical and chemical propert ies of calcium polyphosphate ( CPP) synthet ical2
ly, the method of co2substituted is used in this study and the doped elements are kalium, nat rium, st ront ium.
XRD was used to observe the changes in the st ructure of crystals after doping and ICP was used to analysis the
content of the main elements in doped CPP. Using saline as the degradat ion medium, the common rate of degra2
dation was evaluated by weight2loss method, molybdenum2blue spect rophotometry and EDTA2C30H 24N2Na2O13
tit rat ion method. In order to describe the surface sediments of mineralization qualitatively, scanning elect ron
microscopy (SEM) was used to r eveal the surface of mater ials which had immersed in PBS solut ion for some
days. And the compr essive st rength was tested to receive the mechanical str ength. It was suggested that the co2
subst ituted materials are bet ter in degradat ion, mineralizat ion and mechanical pr opert ies in differ ent degrees and
KSCPP and NSCPP have more excellent pr opert ies than the single2doped materials.
Key words: calcium polyphosphate (CPP) ; co2substituted; degradation; mineral ization; compr essive st rength
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